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ceramic part to a metal part, in which thermal stress-
es in the ceramic part, which can occur during the
soldering or from the soldered connection during use
as a result of differences in coefficient of expansion,
remain below an acceptable level, due to a geomet-
rical flexibility provided in the metal part, for exam-
ple, through a sinusoidal peripheral profile of low
wall thickness.
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The invention relates to a metal-ceramic con-
nection comprising a metal part and a ceramic
part, in which a layer of metallic hard solder is
applied to the surface of the ceramic part.

Such a connection is generally known in the
prior art and is used where the metal part has a
coefficient of expansion which approaches the co-
efficient of expansion of the ceramic part. However,
if materials such as types of steel, in particular
stainless steel, which have to be connected fo
ceramic parts are used, great problems occur on
account of the differing coefficient of expansion of
these materials. This leads to inadmissible stresses
which cannot be absorbed by the ceramic material
in particular.

Industrial ceramic materials are often ideal for
use, on account of their special mechanical, phys-
ical and chemical properties in components in
which extreme thermal, corrosive and/or erosive
conditions prevail.

However, in order to be able to use ceramic
materials constructively, it is often necessary or
desirable to connect the ceramic elements to me-
tallic ones.

For this purpose, mechanical connection tech-
niques such as clamping or shrinking are generally
used in practice. Bonding with organic composites
or soldering with so-called enamels are commonly
used connection methods.

In addition, metallic soldering is also used,
sometimes with pre-metallization of the ceramic
components, or making use of active solders.
These are solders to which active elements such
as Ti or Zr are added in order to produce better
wetting of the ceramic surface by the soldering
material.

Such soldered connections can be used in
particular where the tightness of the connection
and the strength and stability of the connection at
relatively high temperatures have to meet high
standards.

Soldering is a thermal operation in which the
soldered articles cool down from the soldering tem-
perature to the ambient temperature. Thermal cy-
cles can also occur one or more times in the use of
the connection.

The differences in coefficient of expansion be-
tween the ceramic and the metal component(s) of
the soldered connection, generally a factor of 3 to
4, mean that special measures have to be taken to
ensure that this connection "survives" the ab-
ovementioned thermal cycles.

A successfully used method is to incorporate in
the connection a chain of several types of material
with coefficient of expansion rising successively in
the direction of the final metal construction part.
This solution has the disadvantage that it is rela-
tively expensive and is often undesirable on ac-
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count of the corrosive stress prevailing.

The invention relates to a constructive measure
to compensate adequately for these differences in
coefficient of expansion.

This object is achieved in the case of a metal-
ceramic connection of the type described above
with the characterizing measures of Claim 1. The
invention is based on the idea of placing between
the metal part and the ceramic part an auxiliary
part which is also made of metal, but is flexible in
the direction parallel to the ceramic surface, so that
the differences in expansion between the ceramic
part and the metal part can be absorbed by this
metal auxiliary part.

Such an auxiliary part can be provided in many
different forms. For example, it can consist of a
number of strips placed between the metal part
and the ceramic part. Such a solution is important
in particular where simplicity is required and nei-
ther the ceramic part nor the metal part bounds a
space which is to be sealed off. These strips can
vary in width from wire thickness upwards. Another
possibility is to fit a corrugated plate. The cor-
rugated shape can absorb variations in expansion
or shrinkage between the metal part and the ce-
ramic part. Such an expansion or shrinkage does
not only occur immediately after hard soldering,
but also where the parts in question are subjected
to changing thermal cycles, for example in applica-
tions where the ceramic part in particular is used in
a heat exchanger or filter. In this case the metal
auxiliary part is fitted on the end face of the ce-
ramic pipe. This contrasts with the construction
which is proposed in French Patent Application
1,133,503, in which a corrugated auxiliary part is
fitted around a pipe and the openings lying be-
tween them are filled with solder. The construction
disclosed therein relates only to a fitting piece. As
soon as the whole construction is filled with solder,
a rigid connection is obtained, and it will break
immediately on the first heating or cooling cycle if
the inner pipe is of ceramic material. If the metal
auxiliary part is placed on the end face of the pipe,
this phenomenon will not occur. The corrugated
metal auxiliary part can be applied in an annular
form, in order to provide a ftransition in this way
between the end surface of a ceramic pipe and a
metal pipe. In this way sealing problems arising
where ceramic pipes are used in, for example, heat
exchangers or separating plants can be avoided,
because the sealing can be taken over by the
metal part which can be attached by conventional
techniques such as welding to, for example, a pipe
plate.

In order also to absorb expansion in the direc-
tion at right angles to the surface of the ceramic
part, a further metal auxiliary part which is flexible
in that direction can be present. An example here
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is a bellows. The ceramic part is preferably sin-
tered aluminium oxide. As indicated above, prob-
lems occur in particular with the difference in co-
efficient of expansion between ceramic part and
metal part if the metal part is of stainless steel and,
because stainless steel is generally used in the
processing industry, the invention provides a par-
ticularly suitable solution for this. The hard solder is
preferably a hard solder based on TiCuSil.

The invention also relates to a method for
producing a connection between a metal part and a
ceramic part, comprising the possible machining of
a surface of the ceramic part and immediately
afterwards applying a hard solder layer thereto.

According to the present invention, a metal
auxiliary part is placed between the metal part and
the ceramic part, which auxiliary part is soldered to
the ceramic part and is flexible in the direction
parallel to the surface of said ceramic part. In this
case the layer of hard solder is applied directly to
the surface without a further treatment such as pre-
wetting being carried out. The measures described
above mean that for the soldered connection to be
successful the ceramic parts do not have to meet
strict standards with regard to measurement and
shape tolerances. Consequently, there is no need
for the complicated and expensive operations of
cylindrically or conically grinding to size of the
ceramic part. It goes without saying that the choice
of material of the different parts is adapted to the
prevailing corrosive and thermal conditions, and
such geometrical shapes are produced that the
tensile and bending stresses remain at a suffi-
ciently low level both during the soldering cycle
(cooling down phase) and during any thermal cy-
cles during operation.

The invention is explained in greater detail
below with reference to examples of embodiments
shown in the drawing, in which:

Fig. 1 shows in elevation a metal-ceramic con-
nection according to the invention;

Fig. 2 shows the metal-ceramic connection ac-
cording to Fig. 1 partially cut away;

Fig. 3 shows an application of the metal-ceramic
connection according to Figs. 1 and 2; and

Fig. 4 shows a further embodiment of a metal-
ceramic connection according to the invention.

Fig. 1 shows a ceramic part 1, which has to be
connected to a metal part 2. For this purpose, use
is made of a metal auxiliary part 3, which is prefer-
ably integral with the metal part 2. An axial bellows
4 could be interposed. The thickness ratio of the
various parts can be seen more clearly from Fig. 2,
which also shows that the metal auxiliary part 3 is
connected to the ceramic part 1 by means of a
layer 6 of hard solder. If heating or cooling causes
the expansion of the ceramic part to deviate con-
siderably from the expansion of the metal part 2,
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such a difference will be absorbed by the cor-
rugated part 3. The latter consists of a relatively
thin metal part which can simply follow the move-
ments of the end face of the ceramic part 1 or pipe
2.

The connection described above is produced
by providing the metal auxiliary part 3. This may or
may not already be connected to the axial bellows
4 or the metal part 2. The ceramic pipe 1, after
preworking if necessary, is then provided with a
layer of solder and, while the metal auxiliary part 3
is simultaneously heated, is pressed against the
ceramic pipe 1, so that a connection is produced. It
is clear that the axial bellows is used to absorb
stresses in the axial direction of the pipe assembly
thus obtained.

Fig. 3 shows the use of the pipe assembly thus
obtained on the basis of a heat exchanger. In this
case the inlet of such a heat exchanger is indicated
by 7 and the outlet by 8. Material flows in the first
instance through the central pipe 17 in the drawing,
and turns around in chamber 9 and moves back
through the pipes 1 to outlet 8.

Fig. 4 shows another possibility for connecting
a ceramic part 11 to a metal part 12. Here, the
metal auxiliary part consists of a number of metal
strips or hairs 13 which are inserted into the layer
of solder 16. Such a connection is important in
those cases where tensile stress is exerted on the
various parts.

The ceramic part can be soldered to the metal
part by means of, for example, an active solder, i.e.
a solder in which fixing beforehand on a eutectic
Ag/Cu base with an addition of 2.5% Ti is not
necessary. The metal part 2 can be made of, for
example, stainless steel, type AlISI 316.

It has been found that a metal auxiliary part is
embodied in the manner described below, the ten-
sion occurring between the ceramic part and metal
part can be limited in an extremely effective way.
The sinusoidal radial bellows pattern must in this
case be produced as follows:

number of sinusoidal corrugations:

1 to 1.5 times the pipe diameter in mm
amplitude:

0.3 to 0.4 times the wall thickness of the pipe in
mm

height of radial bellows shape:

0.2 to 1 times the pipe diameter in mm, with a
minimum of 3 mm

wall thickness:

between 0.05 and 0.4 mm

Although the invention is described above with
reference to a preferred embodiment, it must be
understood that numerous modifications can be
made to it without going beyond the scope of the
appended claims. A large number of variations are
conceivable with the embodiment according to Fig.
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4 in particular. The abovementioned strips may or
may not be curved, or may be corrugated or de-
signed in another way.

Claims

10.

11.

Metal-ceramic connection comprising a metal
part (2, 12) and a ceramic part (1, 11), in which
a layer (6, 16) of metallic hard solder is applied
to the surface of the ceramic part, character-
ized in that the layer of metallic hard solder is
connected at the other side to a metal auxiliary
part which is flexible at least in the direction
parallel to the surface of the ceramic part, and
the metal auxiliary part is connected to the
metal part.

Connection according to Claim 1, in which the
metal auxiliary part comprises a number of
metal strips (13).

Connection according to one of the preceding
claims, in which the metal auxiliary part com-
prises a corrugated plate.

Connection according to one of the preceding
claims, in which both the metal part and the
ceramic part comprise a pipe, and the surface
of the ceramic part comprises the end pipe
surface.

Connection according to Claim 4, in which an
annular corrugated metal auxiliary part (3) is
connected to the end pipe surface.

Connection according to one of the preceding
claims, in which a further metal auxiliary part
which is flexible in the direction at right angles
to the ceramic surface is present.

Connection according to Claim 6, in conjunc-
tion with Claim 4 or 5, in which said further
metal auxiliary part comprises a bellows (4).

Connection according to one of the preceding
claims, in which the ceramic part comprises
sintered AlzOs.

Connection according to one of the preceding
claims, in which the metal part comprises
stainless steel.

Connection according to one of the preceding
claims, in which the hard solder is a hard
solder based on TiCuSil.

Method for producing a connection between a
metal part and a ceramic part, comprising the
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possible machining of a surface of the ceramic
part and immediately afterwards applying a
hard solder layer thereto, characterized in that
a metal auxiliary part is placed between the
metal part and the ceramic part, which auxil-
iary part is soldered to the ceramic part and is
flexible in the direction parallel to the surface
of said ceramic part.
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